Abstract. This study attempts to value air quality in the tourism cities from tourist perspectives using the tourism satisfaction approach (TSA). In the process, a large dataset is assembled which covers factors of air quality, social demographic and economics, as well as tourist satisfaction from a total of 29 primary tourism cities in China. The data is then used to assess factors which are most important in contributing to the level of tourism satisfaction and at the same time value the air quality using appropriate econometric models. The results show that the air pollution imposes a significant negative effect on the tourist satisfaction. In average, a tourist's willingness to pay for the tourism cities' air quality reaches ¥135.8 for 1µg/m 3 of PM 2.5 reduction.
Introduction
As an important scaling metric, the tourist satisfaction (TS) has been widely employed in measuring the overall quality of tourism businesses by tourism administration organizations such as hospitality associations. In the research world, the tourism satisfaction has also been used to evaluate the overall healthy status for a tourism industry development. For example, the tourist satisfaction index (TSI) for the Chinese tourists was 79.8 before 2010, and it rose to the highest level of 80.66 in 2012. However, for some reasons the TSI has trailed to 74 in 2013 and 2014, respectively, and yet it seems no sign for the trend to reverse (China's Tourism Research Institute, CTRI, 2015). China's Tourism Research Institute (CTRI) has attributed this downturn trending of the TSI to the following two main factors: one is the prevalently deteriorated air quality in many tourism cities in China, i.e., the bad air quality being the main culprit; and the other is the fallen performance price ratios for many tourism products in the Chinese tourism markets.
Recently, a small but growing number of studies have emerged, which use the life satisfaction approach (LSA) in valuing environmental goods. The main idea of LSA originates from Easterlin(1972) [1] 's research on the relation between GDP growth and people's life happiness. Since the air quality is an essential input to people's life utility function, some economists developed the method of using people's life satisfaction to evaluate economic value of air quality [2, 3, 4] . However, up to date none of the previous studies has studied on valuing the air quality from a tourist's perspectives. Note that local residents and tourists are two different groups of people in terms of the arguments being included in each of their utility functions. At least, for one thing each group of the people faces different life constraint factors.
The rest content of the paper is arranged as follows: Section 2 makes comparisons between the tourism satisfaction approach (TSA) and the conventional valuation methods; Section 3 establishes a theoretical framework of TSA; Section 4 introduces variable selection and data collection; Section 5 discusses the model results following by research conclusions.
Modeling Framework of LSA
A proposed TSA regression Model (1) is used to analyze economic value of the air quality:
(1)
Where, P jt is an air pollution index on the date t in tourism destination j, LnC i takes logarithm of tourism expenditure: M jt represents the characteristics of tourism destination J on the date t, such as climate, economics, society, and tourism resources, etc. X i represents tourist i's personal traits including sex, age, education, marital status, income, etc.
For a given level of tourism satisfaction, by taking a total differential of Eq.1, we can get Eq. 2:
As dTS = 0, the marginal rate of substitution between air quality and travelers' tourism expenditure, i.e., the estimated economic value of air quality can be expressed in Eq.3. Eq.3 represents tourist's marginal willingness to pay (WTP) for 1µg /m 3 of air pollution reduction, i.e., economic value of the air quality. 
Data Collection and Variables Selection

Data Sources
The data gathering includes two types of data: one is the tourist data and the other is environmental characteristics data. According to the tourism city ranking promulgated by China's Tourism Institute in 2015 (Tourism attraction ranking for China Tourism cities in 2015) , the top 50 cities are selected for survey locations. Survey questionnaire is employed as the survey instrument in order to obtain a large size of survey sample and minimize survey costs. An on-line survey of tourist satisfaction runs from April 1 to the end of December in 2015. A total of 2,778 questionnaires are collected. After removing 232 incomplete survey forms as well as the tourism cities with the number of visitors being less than 30, there remain 2095 valid questionnaires, which cover 29 tourism cities.
Variable Selection
(1) Explained variable Tourism satisfaction is used to express tourism utility which is rated by Likert 5 scale of satisfaction [5, 6] : 1-very unsatisfied, 2-satisified, 3-in the middle between satisfied and unsatisfied, 4-satisified, 5-very satisfied.
(2) Explanatory variables
There are multiple factors which can contribute to the tourists' satisfaction on a tourism destination [7] , including the city's environment characteristics, traveler's personal traits, as well as other cities' attributes (see Tab. 1).
Model Result Analysis
Regression Model Results
For the sake of making comparisons, all the three models are run here including the Ordered Probit model, Ordered Logit model and OLS model, respectively, and their results are presented in Tab. 2. As expected, the three models estimate very similar results in terms of statistical performance of those important explanatory variables. Under each model, it is found that PM 2.5 imposes a statistically significant effect on the tourism satisfaction. But, based on the value of the Akaike Information Criteria (AIC), there are some differences between the models. It appears that the Ordered Probit model outperforms the other two models because it generates the smallest AIC value among the three models [4] . Thus, the Ordered Probit model results are chosen to use for the following discussion.
Air Quality Analysis
According to Model 1 in Tab. 2, the level of tourism satisfaction could be reduced to 0.0056 as the content of PM 2.5 rises by 1 µg/m 3 . This suggests that tourists are very sensitive to the level of PM 2.5 in the air due to its health consequence concerns by tourists as well as the visual discomfort caused by the bad air quality. Base on the marginal analysis, it is found that the tourism satisfaction (TS=4) would decrease by 0.03% for 1µg /m 3 of PM 2.5 rises and the very satisfaction be reduced by 0.19%.
Analysis on the Demographic Variables
Results show that female tourists exhibit relatively higher satisfaction than male tourists. This could be due to the fact that in general men face a higher life pressure than women in the current Chinese society, or alternatively, it might be just because the psychological differences exist between male and female. Regarding the marital status, unmarried people appears to have a higher tourism satisfaction than do those married people, which perhaps may be because the former faces less life pressure than the latter. Finally, higher travel cost still imposes negative effect on the overall tourism satisfaction. As the travel cost increases by 1 percent, tourism satisfaction reduces by 0.089 percent.
Analysis on City's Characteristics Variables
Number of crime in the city imposes significant negative effect on the tourism satisfaction (α<0.01). Obviously, a higher crime rate in any tourism city would cause coming visitors to feel unsafe, thus lowering their tourism satisfaction. Consequently, they will be less willingly to persuade their relatives and friends to tour the same cities [49] . The classification level of the tourism city imposes statistically significant positive effect on the tourism satisfaction(α<0.01), which is simply because the higher class ranking of those tourism areas are able to provide tourists with more needs and joys. City traffic convenience can also exhibit a positive influence on the tourism satisfaction (α<0.01), meaning that a fast and comfortable traffic condition is always important for travelers in the midst of their travel time.
Valuing Air Quality Based on the Tourism Satisfaction Approach
Formula 2 is used to compute the economic value of PM 2.5 in terms of visitors' willing to pay for 1 µg/m 3 reduction when tourist expenditure falls at average(¥2,159). Taking the Ordered Probit model results as an exemplification, for those visitors with the income being higher than the sample mean, they are willing to pay an additional ¥135.8 for air quality improvement, which can be translated into a 6.3 percent of their total tourism expenditure.
Conclusions
We believe that the TSA based air quality valuation is an innovative method which may potentially lead to a new nonmarket resource valuation method in the future. Through calculating the marginal rate of substitution (MRS) between the air quality and the tourists' expenditure, it is estimated that the marginal willingness to pay reaches ¥135 for 1µg /m 3 of PM 2.5 reduction in the air.
Along with a swift increase in tourism demand, the Chinese tourism industry is experiencing an unprecedented transformation from touring a specific tourism site to visiting an entire tourism region or territory. This kind of demand shift will bring a great challenge to the tourism businesses and government agencies in terms of how to build an all-inclusive tourism region or territory which is able to provide a whole set of tourism good and services. Thus, it is essential to forge the entire tourism cities to deliver multi-facet services including a clean, safe, amenity environment to tourists. Now that the city air quality endows such an important tourism economic value, it is worthwhile to launch a nationwide air quality protection campaign, in which one of the concrete actions for the governments to take is to establish an air quality ranking system with the function of providing timely reports on each tourism city's air quality in order to keep tourists well informed on the air quality condition in each of the tourism cities. In addition, for those areas with a really bad air quality, it is plausible for the local governments to impose higher tax rates such as air protection tax on vehicle users and companies which have created more air pollution in order to decrease bad air emission effectively within a short period of time. 
